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X-RAY STUDIES ON POLYCRYSTALLINE GYPSUM 


By Sir C. V. RAMAN AND A. JAYARAMAN 
(Memoir No. 56, from the Raman Research Institute, Bangalore) 


Received August 16, 1954 


1. INTRODUCTION 


Gypsum is one of the most important of the commoner minerals and the 
different forms in which it is found and their structural characters are there- 
fore matters of considerable interest. Brauns’ Das Mineralreich’ and 
Hintze’s Handbuch der Mineralogie? contain illustrated accounts of the 
subject. We are concerned in this paper with the polycrystalline forms 
of gypsum. Of these the best known is the white and semi-opaque material 
known as alabaster. Mineralogists recognise another form which they 
designate as “‘ fibrous gypsum’’. As the name indicates, this form is an 
aggregate of parallel fibres or rods. Hintze mentions that when the fibres in 
such gypsum are very fine, their direction is parallel to the mineralogical 
c-axis, while if the material consists of coarser fibres, their direction may 
depart to a greater or less extent therefrom. 


In a recent paper in these Proceedings,* it has been shown that we must 
recognize three polycrystalline forms of gypsum with specific characters 
which are readily distinguishable from each other. The first is alabaster 
which is an aggregate of small crystals more or less randomly orientated : 
the second is satin-spar which is a truly fibrous variety of gypsum in which 
the fibres lie along the mineralogical c-axis, while the third form has been 
designated as fascicular gypsum and is an aggregate of rods more or less 
exactly parallel to the b-axis which is also the symmetry axis of the crystal- 
structure. This third form is readily distinguished from the other two by 
its external appearance. It exhibits optical phenomena of great beauty 
and interest which have been fully described and explained in the paper 
referred to above. In the present communication, we report the results of 
X-ray studies undertaken to confirm and reinforce the conclusions already 
reached in that paper from the optical evidence. We have thought it desir- 
able to carry out such an investigation for the reason that the third form of 
gypsum is of common occurrence and it would seem that those who have 
noticed it have mistaken it for the second or fibrous species. Our X-ray 
studies show clearly that the direction of the rods in fascicular gypsum is 
along the b-axis, while in the truly fibrous forms it is along the c-axis. Further, 
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while the X-ray patterns show that satin-spar gives a typical fibre diagram, 
fascicular gypsum does not do so, showing thereby that it is not fibrous in 
the proper sense of the word. 


2. ALABASTER 


This polycrystalline form of gypsum varies greatly in its appearance 
in different specimens, some being chalky-white and opaque even in thin 
layers, while other specimens appear translucent. These differences are 
evidently connected with the extent to which light can penetrate through 
the material and this again appears to depend on the size of the crystallites 
of which it is composed. Selecting a translucent specimen of alabaster and 
thinning it down to a plate about a millimetre thick, the X-ray diffraction 
diagram reproduced as Fig. | in Plate III was recorded. A collimated beam 
of MOK, radiation was employed. The slit width was one millimetre and 
a flat film camera was used with a specimen to film distance of three centi- 
metres. It will be seen that the diagram exhibits spotty rings. Though 
the pattern is not altogether symmetric, it is sufficiently nearly so to justify 
our regarding the material as consisting of crystallites randomly orientated 
in space. 

3. SATIN-SPAR 


The specimens employed were detached from the surface of a beautiful 
museum piece which externally manifests a fibrous and brilliant silky lustre. 
Figure 2 in Plate III is an X-ray diagram taken with a flat camera and un- 
filtered MO radiation: the incident beam travelled along the fibre direction. 
The specimen employed was about a millimetre in length and of about the 
same cross-section. It will be seen that the pattern exhibits numerous and 
nearly complete concentric circular rings. 


Figure 4 in Plate IV was recorded with a cylindrical camera and CuK, 
radiation. The specimen in this case was a rod about one centimetre long 
and about half a millimetre in thickness. It was held inside the camera with 
its length parallel to the axis of the cylinder and the X-ray beam traversed 
the specimen in a direction perpendicular to its length. The specimen was 
kept stationary during the exposure. Nevertheless it will be seen that the 
pattern is a typical rotation diagram. It was verified by measurement of 
the separation of the layer lines that the length of the fibre was parallel to 
the mineralogical c-axis of gypsum. The conclusion thus indicated that 
satin-spar is a truly fibrous material orientated along the morphological 
c-axis is, however, only valid for the material used which was detached from 
the external surface of the museum specimen. When a thin plate cut from 
the latter with its faces transverse to the fibre direction was normally irradiated 
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by an X-ray beam in a flat-film camera, the record appeared both spotty 
and irregular, thus indicating a departure from the regularity of orientation 
shown by the material detached from its outer surface. 


4. FASCICULAR GYPSUM 


As already stated, this material exhibits highly characteristic external 
features which enable it to be readily identified. It may be readily split 
into slabs or sheets of any thickness, but the surfaces thus exposed do not 
exhibit the smoothness and optical perfection characteristic of the cleavage 
of selenite and are more appropriately described as planes of parting. The 
most distinctive feature of the mineral is that the edges of the blocks or slabs 
are not smooth but exhibit parallel ridges. The inference suggested by the 
external appearance of the material is that it is an aggregate of rods in parallel 
setting, their direction coinciding approximately with the b or the symmetry 
axis of gypsum. 


Figure 5 in Plate IV is an X-ray pattern recorded with cylindrical 
camera and CuK, radiation. The. specimen examined was a rod detached 
from the material and set with its length parallel to the axis of the camera. 
It was kept stationary during the exposure. The pattern exhibits irregularly 
disposed spots. The configuration of the latter indicated that the length of 
the rod was not quite parallel to the b-axis, but was slightly inclined to the 
latter. The rod was turned through 34° from the previous position, but 
nevertheless the pattern then obtained did not exhibit the characteristic 
features of a rotation diagram. However, when the specimen was oscillated 
through 30° each way, a record was obtained which is reproduced in Fig. 6 
in Plate [V and clearly exhibits layer lines. These are much closer to each 
other than those appearing in Fig. 4 in the same Plate. Measurements 
indicated that the oscillation axis coincided with the b or symmetry axis of 
gypsum. 


Figure 3 in Plate III shows an X-ray diagram obtained with a flat film 
camera and the MO radiation, the beam being parallel to the length of the 
tods. It will be seen from the pattern that the X-ray reflections recorded 
appear as patches located roughly on short arcs of circles. The picture 
indicates that while the rods consist of individual crystals having their b- 
axes parallel, the variations of orientation of the other two crystallographic 
axes are insufficient in magnitude to give a complete pattern of circular 
rings. The inferences regarding the nature of the material indicated both 
by the longitudinal and transverse X-ray photographs thus support each 
other. The X-ray results are also in agreement with the conclusions already 
drawn from the optical investigations and described in the earlier paper. 
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5. SUMMARY 


X-ray diffraction patterns have been recorded and are reproduced in 
the paper showing clearly the existence of three polycrystalline forms of 
gypsum with specific structural characters which are readily distinguishable 
from each other: (a) alabaster; (6) satin-spar, which is a truly fibrous 
material with the fibres orientated along the mineralogical c-axis; and 
(c) fascicular gypsum which is an aggregate of rods having their b-axes or 
crystallographic symmetry axes parallel to each other and the two other 
axes showing only a limited range of variation, and hence not fibrous in the 
proper sense of the word. 
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ANGULAR DISTRIBUTION OF PROTONS EMITTED 
IN THE REACTION ;N'{a, p),0" 


By G. S. MANI AND R. PANDHI 
(Tata Institute of Fundamental Research, Bombay) 


Received June 10, 1954 
(Communicated by Dr. H. J. Bhabha) 


UsING a conventional six-inch Wilson Chamber with a special collimating 
system for the alpha particles, 353 useful proton tracks emitted in the reaction 
;N4(a, p)s01? have been obtained in a total of 8,000 pictures. The source 
of alpha particles was a 10 mc. polonium source electrolytically deposited 
on a 2X2mm. platinum foil. The collimating system consisted of a rect- 
angular brass frame with two parallel thin gold foils soldered to its sides 
(Fig. 1). The thickness of the gold foil was enough to stop the alpha parti- 
cles but allow the protons from the ;N"4(a, p),0!” reaction to enter the sensi- 
tive volume of the chamber. The source was kept at one end of the frame 
and the alpha particles were allowed to enter into the region between the 
gold foils through a small hole 1-5 mm. in diameter. The advantages of 
such a system are: (1) The source is isolated from the sensitive volume of 
the chamber and as such prevents the spread of the alpha contamination 
into the chamber. (2) Throughout the range of the alpha beam the lateral 
spread is restricted to 2mm. (3) Only 0-2 mm. of the alpha range is lost 
in the process of collimation. (4) The amount of target gas required is 
small as it needs to be introduced only into the small:region between the gold 
foils. The only difficulty of the method is that the thin gold foils occa- 
sionally get punctured and introduce gas motion inside the chamber. The 
tracks were photographed by two cameras whose axes were inclined to each 
other at 30°, one of the cameras being mounted normal to the plane of the 
chamber. 


It can be shown that, if R,* and R,¥ be the projected ranges of the 
alpha particles in the cameras and ¢,7 and ¢p¥ be the projected angles that 
the emergent proton makes with the direction of the alpha particles, then 
the actual range R, and angle ¢», is given by 


R, =(R,7 + R,Y) [cos + sin (y + 
COS dp = [sin sin Cos — cos $p* sin sin 
A =sin? $p¥ y+ [sin cos dp¥ — cos sin dp" sin y]}? 
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Inset: ABCD represents the tracks as they appear in the cameras, AB being the length 
of alpha particle before causing the reaction. 


(90°— y) being the angle that the axis of the inclined camera makes with the 
vertical. If @ be the angle made by the alpha particle that causes the reac- 
tion with the axis of the alpha beam then we further have 


The following resonance levels of the compound nucleus ,F!* were 
obtained: 2 Mev, 3-6 Mev. and 4-1 Mev which agree well with the previous 
work on this subject.) > 


The criteria for selection of proton tracks were: (1) tracks less than 
0-5 cm. were rejected and (2) tracks not visibly originating in the alpha beam 
were rejected. Corrections for the geometry of the target chamber, illumina- 
tion and loss of protons due to the restrictions on the selection of tracks were 
made to the angular distribution curves. If I (8) be the number of particles 
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in the C.M. system for the C.M. angle 8, and I (¢) the number of particles 
found experimentally for the corresponding lab angle ¢, then 


1 (B)=1 (4) pd 


p being the correction due to the above reasons, and 5 the factor for trans- 
formation from lab to C.M. system.’ The following integral which was 
obtained for p was evaluated graphically. 


(0) d0 + KN’ (0) 


cosec 6 (cosec”6 + cot?) 
oF cot?6 (/?cosec? 6 + 1?) + 7 


R sin — Ip cos sin 0 
Ip Sin cos 0 | 


for < — 
ford < 0, 
ford >, 

6, = /,/R. 


R being the range of the alpha particle, / being the total height of the target 
chamber, ¢ the thickness of the target chamber, 2/, the total height of the 
illuminated region, and /, the minimum length of proton track that was 
accepted. The angular distribution for the 4-1 and 3-6 Mev levels was 
given by (see Figs. 2 and 3) 


I (B)=(1 — 1-1 cos? 
for both the levels, in agreement with previous work. 


The 2 Mev level shows a maximum at about 115° and the distribution 
was found to be (see Fig. 4) 


1 (8)=(1 — -64 cos B — 1:2 cos? 


using the usual method of least squares. X? test yielded a fit of 60%. This 
distribution is in disagreement with that obtained by Roy and Champion.? 


where 
th 
e 
1S 
m 
a- 
eS 


G. S. MANT AND R. PANDHI 


4 


+ 4 


‘so 179 1860 


41 Mev 


° 


no 


180 ‘40 150 


4180 


: 
| 
i 
2 | 
| | 
8 
4 
‘ 
4 s 
Ne 
rs 
2 
+ 
Fie. 2 
: 
4 
¢ 
a5 
A My, 
= 
Fia. 3 


Angular Distribution of Protons Emitted in Reaction ,N**(a, p),0™ 65 


380 36 460 4% W 20 100 10 130 150 160 170 190 


Fic. 4 


The odd neutron and odd proton in ;N™ are in the p, state yielding a 
total spin 1 and even parity. The odd neutron of ,O'7 is in the d,,, state 
leading to spin 5/2 and even parity. Hence the emitted proton will have 
the same parity as the incident alpha particle. Yang* has proved on 
general grounds the following theorem: . When contributions from incoming 
waves of orbital angular momenta greater than L are neglected, the angular 
distribution in the C.M. system is an even polynomial of cos 8 with maximum 
exponent not greater than 2L. Any odd power of cos f occurring in the 
angular distribution is due to interference between orbital wave functions 
of opposite parity. Hence the 3-6 and 4-1 Mev levels are mainly excited 
by P waves. Roy (1950) observed that the excited state of O' yields an 
isotropic distribution indicating the existence of an S wave. Since our 2 Mev 
level has a dominant coefficient in cos* 8 and a small one in cos B, we con- 
clude that it is chiefly caused by the P wave together with an admixture of 
S wave and that the compound nuclear level corresponding to this energy 
is a mixture of at least two levels of opposite parity. 
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Our thanks are due to Dr. R. Ramanna who suggested this problem 
and guided us throughout the course of this work. Also we would like to 


express our thanks to Mr. P. N. Rama Rao for his assistance in wiring the 
necessary electronic circuits. 
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AN X-RAY STUDY OF NATURAL MONAZITE: I 


By M. D. KARKHANAVALA AND J. SHANKAR 
(Chemistry Division, Atomic Energy Commission, Bombay) 


Received November 30, 1953 
(Communicated by Prof. H. J. Bhabha) 


I. INTRODUCTION 
IN the course of the present investigation of the structure of monazite by 
X-rays, it was observed that samples from different localities all gave very 
diffuse powder diffraction patterns even after fairly long exposures, a fact 
indicating the possible existence of monazite in the metamict state. Such 
an occurrence would not be surprising in view of the high thorium content 
of the mineral but for the fact that monazite is commonly considered to be 
nonmetamict (Hutton, 1950; Hurley and Fairben, 1953). It was therefore 
decided to carefully investigate this possibility. 


II. REVIEW OF LITERATURE 

Very few X-ray studies on monazite are reported in the literature, and 
almost all of them are single crystal studies. The only known powder diffrac- 
tion data is the partial one recently published by Pabst (1951) and reproduced 
in the ASTM Hanawalt Card Index (4th set, Card No. 4-0612). 

The earliest results of an X-ray study of a monazite crystal were reported 
by Ramdohr (1936) in Klochmann’s Lehrbuch der Mineralogie: 

a= 6-78 b=6:99 c=6:45A B= 76° 20’ 
Z=4; space group 

Later Gliszczynski (1939) studied the rotation and oscillation photo- 
graphs of a single crystal of Turnerite from Perdatsh, Switzerland. The 
cell constants so determined substantiated the earlier values. The f-angle 
was found to be 76° 22’. 

Independently Parrish (1939) determined the cell constants of a spectro- 
scopically thorium-free single crystal of monazite from Llallagua, Bolivia, 
using the equi-inclination Weissenberg method. The values agreed well 
with those reported earlier, the only major difference being the B-angle which 
according to him was 76° 50’. 

Pabst (1951) has given a few other references to the X-ray analysis of 
monazite but these were not accessible to the authors. 

The chemical analysis or the thorium content, if any, of the monazite 
crystals used were not reported by any of these authors except Parrish. On 
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the basis of these reported results it is difficult to say, whether thorium con- 
taining monazite is metamict or not. 

It is worthwhile nevertheless to note the following in Gliszczynski’s 
paper. As stated above he has not reported the chemical analysis of the 
crystals used, which are merely referred to as CePO,. However, while dis- 
cussing the powder photographs of monasite from Brazil and of the turne- 
rite from Perdatsh, he has apoligised for the poor quality of the photo- 
graphic reproduction of the two patterns. The monazite pattern (his Fig. 2) 
is very indistinct while that of turnerite (his Fig. 3) is comparatively sharper 
though still indistinct. It is also important to note that the density of the 
single crystal of turnerite referred to by him as CePO, was 5-217 g. cm-% 
Parrish has reported that the density of the chemically analysed thorium- 
free crystal of monazite used was 5-173 g. cm.-? while the density calculated 
by him on the basis of 4 molecules of (Lay, Ce, Y1)9)PO, per unit cell 
was 5:06g.cm.-* It is very likely, therefore, that the crystals examined 
by Gliszczynski contained significant amounts of thorium. It is not intended, 
however, to make a case for the metamictness of the samples used by 
Gliszezynski, but only to point out what might possibly have been the first 
reported case of a metamict monazite. 


Ill. ExpeRIMENTAL 


The locality, the physical state, and the thorium oxide content of the 
samples used are given in Table I. 


TABLE I. ThO,. Content of Monazite Samples 


Sample No. _ Locality Physical State ThoO.% 


India Massive 15 
India ‘Massive 1:5 
Brazil .- Massive 6 
India Sand (handpicked) 9 


The samples were ground to less than 250 mesh and the Debye-Scherrer 
powder patterns were obtained in a 114-6 mm. diameter camera on a GE- 
XRD 3 machine using filtered CuK, radiation at 35 KV and 20MA. All 
the samples were exposed for a period of 4-75 hours and the films developed 
for 3:5 minutes at 75° F. A representative pattern is shown in Fig. 1 (a). 

The samples were then individually heated in a platinum boat to 1130° C., 
maintained at that temperature for 24 hours in a “ globar ”’ electric furnace 
and air quenched. This temperature was chosen as the most suitable from 
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the results of the preliminary heating runs carried out at different tempera- 
tures. Debye-Scherrer powder patterns of the heat-treated samples were 
obtained under conditions identical with those stated above, excep* that the 
exposure time was reduced to 3 hours. The developing time and the tempera- 
ture were not altered. The corresponding pattern after heat treatment is 
shown in Fig. 1 (6). Since the only available powder diffraction data [Pabst 
(1951)] on monazite is not complete, it is thought desirable to complete this 
data. The d-spacings of one of the heat-treated samples are therefore given 
in Table II. Indices were assigned assuming the unit cell dimensions and 
the space group reported by Gliszczynski. 


TABLE IJ. Powder Diffraction Data for Heat Treated Monazite 
(Filtered CuKa 


Radiation, r = 114-6 mm.) 


dove. hkl I/To deat. hkl 
(A.U.) (A.U.) (A.U.) (A.U.) 


101 VW 1-957 1-95 312 


W 5-193 5-18 

W 4-665 4:65 O11 M 1-912 1-90 213 
M 4-169 416 032 
VW 4-085 4-10 101 U-868 103 
M 3-496 3 020 VVW 123 

296 3-28 2 vw i 
VS 3-089 3-09 120 = 
vs 2-96 1-748 1-75 040 
M 2-597 2-60 202 M {i 1-72 
W 2-493 252 = 
: 1-693 1-71 321 
M 2-438 2-44 112 M 1-680 1-67 313 
VW 2-398 2-40 220 (! -648 400 
VVW 2-247. 301 w 
M M 1.604 1-61 410 
M 1-539 «1-54 033 

2-084 1-475 3 
VW 2-02 322 
2001 2-00 O13 M 1-475 1-47 411 
1-961 1-97 342 422 
Ww 1-455 1-46 303 
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TABLE [I (Continued) 


0-9330 
0-9122 
0-9002 
0-8745 
0-8654 
0-8558 
0-8494 
0-8451 
0-8366 
0-8239 
0-8199 
0-8137 
0-8114 
0-8061 
0-7993 


{0. 7955 


M 
VW 
M 
Vw 
M 
M 
M 
MS 
M 
M 
Vw 
Vw 
M 
M 
WwW 
WwW 
Vw 
M 
WwW 
WwW 
WwW 
W 
WwW 
WwW 
VW 


0-7954 
0-7934 
0-7917 
0-7829 


=< 


SyMBOLs Usep: M: Moderate (ly) ; S: Strong; W: Weak; V: Very. 
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(A.U.) (A.U.) (A.U.)  (A.U.) 
(1-445 042 1-139 1-142 314 
413 1:123 1-131 602 
. i14 1-114 «1-114 611 
-39 333 1-103. 1-102 035 
721 1-093 1-093 524 
1-368 150 1-079 1-080 425 
M 365 951 | -070 613 
U 423 1-058 1-054 
MS 1-337 1-34 324 
ms {1334 4.33, 402 1-027 1-028 515 
U-331 Sil 1-0198 1-020 604 
| 1-311 412 1-008 1-007 614 
{1-308 1-002 1-003 513 
| 1-301 204 0-9977 621 
1-298 404 0-9827 0-985 315 
0-9784 0-978 624 
0-9722 0-972 323 
| 1-277 052 
1-264 §21 00-9651 0-964 701 
vw 1-256 1°26 593 0-9592 0-961 550 
1-254 215 0-9526 0-952 036 
WwW 1-25 0-933 055 
(1-245 522 = 
0-896 514 
MS 1-232 1-23 501 
0-874 080 
1-226 125 = 
1-201 315 
WwW 1-199 1:20 440 = 
1-198 225 
vw 1-182 1-186 523 
1-181 [05 353 
M 1-180 4.43 350 
1-166 5 
{1-166 044 0-806 544 
| M 1-161 1-160 053 0-795 416 
1-151 325 
0-793 364 
413 MS 0-79] 474 
1-148 160 0-783 008 
Ww {1-147 530 
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Same sample after heat treatment. 
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IV. Discussion 


It can be seen from Fig. | (a) that the pattern obtained on the naturally 
occurring monazite is quite diffuse indicating the general absence of internal 
crystallinity which is regained on heat treatment as can be seen from the 
clear pattern of Fig. 1 (b). It is not possible at present to estimate the degree 
of metamictization of the mineral since the relationship between structure 
damage and the total alpha radiation is not known. This is further handi- 
capped by the lack of definite knowledge of the position of the thorium ions 
in the structure and the effect of different amounts of thorium oxide and 
silica on the lattice dimensions. These points are being investigated. 


In order to substantiate the findings of the X-ray investigation that the 
natural thorium-containing mineral is largely metamict a petrological examina- 
tion was made. All the original samples were found to be weakly bire- 
fringent with most of the grains showing only the first order grey and only 
a few grains showing slightly higher colours. All the heated samples showed 
strong birefringence and the average refractive index was found to have 
increased to 1-83 from the original value of 1-79. Complete optical data 
were not obtained because of the fine grain size of the particles, and only 
an average index was measured. The average density of sample No. 1 
increased from 5-33 to 5-62 g./cm.? on heat treatment. 


SUMMARY 


Monazite is commonly believed to be a nonmetamict mineral. The 
results of the published X-ray examination of monazite do not unambiguously 
support this belief. The results of the present investigation on four differ- 
ent samples of monazite of known thorium content show that the thorium- 
containing monazite occur in a fairly high degree of metamictization. The 
results of the petrological examination also support this conclusion. 
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PROMINENCE ACTIVITY (1905-1952) 


By R. ANANTHAKRISHNAN, F.A.Sc. 
(From the Regional Meteorological Centre, Sonegaon Aerodrome, Nagpur) 


Received June 28, 1954 


1. 


In the field of prominence statistics the Kodaikanal Observatory has a large 
collection of uniformly worked out data commencing from 1905 till the 
present time. Since the Memoir published by Mr. and Mrs. Evershed (1917) 
in which they considered the Kodaikanal prominence data upto 1914, addi- 
tional data for four more decades have been accumulated. About the time 
that the Jubilee commemorating fifty years of work of the observatory was 
celebrated in 1951, the present writer who was working as Assistant Director 
of the observatory till very recently felt that the time was opportune to under- 
take a general review and discussion of the prominence data collected since 
the inception of the observatory, and a detailed survey of the results of solar 
prominence observations made at Kodaikanal was, therefore, commenced. 
The material for the study was largely original data contained in a number 
of registers. (The half-yearly summaries of prominence observations pub- 
lished in the Bulletins of the Kodaikanal Observatory are based on the 
detailed tabulations maintained in these registers.) The scope of the study 
embraced both limb and disc prominences (dark markings). As the work 
progressed, it was felt convenient to deal with it in parts. The first part 
entitled Discussion of the Results of Observations of Solar Prominences made 
at Kodaikanal from 1904 to 1950 is under publication as Bulletin No. 137 
of the Kodaikanal Observatory.* This paper which deals only with limb 
prominences gives an account of the methods of observation and evaluation 
and also incorporates detailed tables of the distribution of mean daily profile 
areas of prominences according to heliographic latitudes year by year for 
the period 1905 to 1950. Various aspects of prominence activity during 
the period such as comparison of the northern and southern hemispheres, 
life-history of the low and high latitude prominences, the east-west distribu- 
tion of prominences, the distribution of “ metallic’ prominences, etc., are 
considered in the paper. 


* This will be referred to as Paper I in what follows. 
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In connection with the work referred to in the preceding paragraph, 
a set of charts of prominence activity were also prepared.f Unfortunately, 
these diagrams could not be incorporated in Paper I. In the meanwhile, 
data for two more years became available so that the charts could be extended 
incorporating the data upto the end of 1952. It is felt that these diagrams 
which summarise quantitatively a vast mass of prominence data and bring 
out strikingly the salient features of prominence activity during the last four 
solar cycles might be of interest to workers in the field of solar physics and 
perhaps also of geophysics. They represent in three different ways the trend 
of prominence activity in relation to the sunspot cycle for the period 1905 
to 1952. The object of this paper is to present these charts and to give a 
brief discussion of some of the features brought out by them. 


2. DISTRIBUTION OF PROFILE AREAS OF PROMINENCES ACCORDING TO 
HELIOGRAPHIC LATITUDES 


At Kodaikanal, prominence activity has been reckoned from the very 
beginning both in terms of the numbers of individual prominences observed 
at the limb as well asin terms of the profile areas of the prominences. For 
details of the methods of evaluation reference may be made to Paper I. For 
reasons discussed in that paper the Kodaikanal prominence numbers do not 
constitute a good index of prominence activity. The mean daily profile 
area of prominences, on the other hand, is a recognised representative index 
of prominence activity. The values of this quantity for five-degree intervals 
of latitude for the NE, NW, SE and SW limbs during the years 1905 
to 1950 are listed in Table I of Paper I. Similar data for the years 1951 and 
1952 are given in Table I of the present paper. The unit of prominence area 
for this table is 10-* square minute of arc. (The figures in the table have 
to be divided by 4-65 in order to express the areas in terms of the international 
unit of prominence area which is the area of a rectangle whose height is 1 
second of arc of the celestial sphere and whose base is 1 degree along the 
solar limb.) 


To give an idea of the representative nature of the prominence statistics 
of Kodaikanal for the period 1905 to 1952, the number of “ effective ” days 
of observation for the individual months as well as for the individual 
years is listed in Table Il. The effective days are in general somewhat less 
than the total number of days of observations since spectroheliograms for 
days when the sky and seeing conditions are not good, are given a weightage 


+ Some of these diagrams were shown at the Annual Meeting of the Indian Academy of 
Sciences held at Trivandrum in December, 1952. 
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TABLE II 
Effective Number of Days of Prominence Observations 
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TABLE I[1—(Contd.) 


\ Month! 
Year \ 


| 

| | 
} } | 


Total me 7743 | 14717 


(For the period prior to July 1912, the number of effective days for the individual months 
is not available in the Kodaikanal records.) 


of } or $ only depending upon the quality. In general, the observing cond: 
tions for solar work are better at Kodaikanal during the first half of the 
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yeat than during the second half when the station comes under the influence 
of the south-west and north-east monsoons. 


Upto 1923 the prominence data of Kodaikanal are based on the 
observations made at this observatory only. Thereafter the Kodaikanal 
data have been supplemented with data derived from photographs obtained 
from the Mt. Wilson and Meudon Observatories for the days on which 
Kodaikanal photographs were either of inferior quality or not available, 
on account of unfavourable weather conditions. This accounts for the 
generally greater number of effective days of observation per year since 
1923. Comparison of the figures in the columns headed | and II in Table II 
for the years before and after 1923 shows that the number of foreign photo- 
graphs required to supplement the Kodaikanal data is more during the 
second half of the year than during the first half. 


The charts in Fig. 1 give a pictorial representation of the distribution 
of mean daily prominence areas round the limb of the sun year by year from 
1905 to 1952. For the years 1907 to 1911 the data for the east and west 
limbs are not separately available in the Kodaikanal records for the north 
and south hemispheres. Hence, for these years the total areas for the five- 
degree zones have been divided by 2 and depicted symmetrically on the east 
and west limbs so that the diagrams for these years may have a uniform 
appearance with those for the remaining years. The original diagrams were 
drawn on a scale of | inch to the solar radius; also | inch was taken to 
represent 1/10 square minute of prominence area. The prominence area 
for each five-degree zone is represented by a radial line of appropriate length 
originating from the centre, of the zone. As all the diagrams are drawn 
to the same scale and as a uniform practice has been followed at Kodaikanal 
for evaluation of prominence areas, the diagrams for the different years are 
mutually comparable quantitatively. 


3. ISOPLETHS OF MEAN DAILY PROMINENCE AREAS 


To bring out strikingly the manner in which prominence activity varies 
in the course of the sunspot cycle, the mean daily profile areas for five- 
degree latitude zones in the two hemispheres were entered on graph paper 
with the years as abscissae and heliographic latitudes as ordinates. The 
profile area corresponding to a particular five-degree interval of latitude was 
entered against the mean latitude of the zone. Contour lines were then 
drawn at intervals of 50x 10-* square minute of prominence area using 
linear interpolation between adjacent plotted values. The resulting diagram 
is reproduced as Fig. 2 in which the intervals corresponding to the different 
degrees of prom‘nence activity are clearly demarcated. The curve of Ziirich 
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relative sunspot numbers for the period covered by the prominence observa- 
tions is given at the top of the diagram. A similar diagram was contained 
in a note entitled ‘‘ Prominence Activity and the Sunspot Cycle” published 
some time back (Ananthakrishnan, 1952). 


4. ZONAL VARIATION OF PROMINENCE ACTIVITY 


Figures 3(a) and 3 (0) illustrate the variation of prominence activity 
in each five-degree zone for the northern and southern hemispheres during 
the period 1905 to 1952. The zero of the vertical scale has been appropriately 
displaced to avoid superposition of the curves for the different latitude zones. 
The horizontal line against which the designation of a particular zone is 
written corresponds to the zero of prominence activity for that zone. The 
scale of prominence areas is indicated for the zone 0-S° at the bottom of the 
diagram and is the same for all the other zones. As in the case of the iso- 
pleth diagram, the curve of Ziirich relative sunspot numbers is given at the 
top of each of the diagrams. The broken curve which runs close to the 
sunspot curve in the two diagrams represents the mean daily sunspot areas 
for the two hemispheres, the values of which were obtained from the 
Greenwich Photoheliograph Results. 


5. PROMINENCE ACTIVITY AND THE SUNSPOT CYCLE 


It is well known that sunspot activity is confined to two fairly well 
defined zones extending from the solar equator to about 40° latitude in either 
hemisphere. The commencement of a new solar cycle is heralded by the 
appearance of spots near about latitude + 40°. As the cycle advances 
the centre of spot activity shifts progressively towards lower latitudes until 
towards the close of the cycle the spot activity wanes off near the solar 
equator while spots of the new cycle begin to appear at higher latitudes. 


As contrasted with sunspots, prominences occur at all latitudes on the 
sun. However, in respect of the manner in which prominence activity mani- 
fests itself, we can divide each solar hemisphere into two zones, viz., (i) a 
low latitude zone extending from the equator to about 40° and therefore 
practically coinciding with the sunspot zone, and (i) a high latitude zone 
extending from 40° to the poles. 


Prominences always occur in the low latitude zones although the activity 
is a minimum at the minimum epoch of the sunspot cycle. Prominence 
activity in the high latitude zones above latitude 60° is conspicuous only 
at and near the time of sunspot maximum. The activity dies down very 
rapidly thereafter. These broad features of prominence activity first estab- 
lished through the pioneering researches of Secchi and Respighi and sub- 
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sequently corroborated by the investigations of Ricco (1891, 1914), Lockyer 
(1903), Evershed (1917), Bocchino (1933), Baroccas (1939), Moss (1946) 
and D’Azambuja (1948), are clearly brought out by the diagrams which 
illustrate the present paper for each of the four cycles of solar activity covered 
by the period under study. 


The manner in which prominence activity develops and progresses in 
the low and high latitude zones has been discussed by several workers. 
Although there is general agreement as regards the high latitude zones there 
is not such a consensus of opinion about the trend of activity in the low 
latitude or sunspot zones. According to Evershed, prominence activity 
begins to develop in the high latitude zones between 40° and 50° soon after 
sunspot minimum. With increasing sunspot activity the centres of high 
latitude prominence activity gradually move polewards until near the epoch 
of sunspot maximum there is a rapid rush towards the poles. The high 
latitude prominence activity suddenly disappears soon after sunspot maxi- 
mum. These features are clearly illustrated by the figures which accompany 
the present paper. 


The trend of activity in the low latitude zone is not so clearly defined 
because of irregularities caused by the co-existence of several active centres. 
From his observations Evershed concluded that in the sunspot zones promi- 
nence activity drifts more or less in phase with the sunspots from higher 
latitudes towards the equator and dies out near the lowest latitude reached 
by sunspots at the time of sunspot minimum. Lockyer and Lockyer (1903) 
concluded from their study of the Italian prominence data for the period 
1872 to 1901 that the low latitude prominence activity is centred round 
latitude + 24° where the activity begins to manifest itself shortly after sun- 
spot minimum. With the ascending phase of the sunspot cycle there is a 
corresponding rise in prominence activity in the sunspot zone without 
appreciable shift of the centre of activity. Finally the centres of prominence 
activity recede and merge with the high latitude zones at about + 40° before 
sunspot minimum. Thus it will be seen that the conclusions of Evershed 
and those of Locyker and Lockyer are rather divergent in respect of the 
growth and progress of prominence activity in the sunspot zones. 


To get a better insight into the nature of latitudinal migration of pro- 
minences M and M”© D’Azambuja made a large number of measurements 
on long-lived H-alpha dark markings (prominences seen in projection on 
the disc) over the elven-year period 1919 to 1930 which covered both the 
ascending and descending phases of the sunspot cycle. Their measurements 
led them to conclude that on the average all prominences have a slow pole 
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ward drift in both the hemispheres. The rate of pole-ward drift was found 
to be about 2° per solar rotation near the equator and decreased progres- 
sively to about 1° per solar rotation near latitude 50°. It was also found 
that the rate of pole-ward drift was at least twice as rapid in the ascending 
phase of the sunspot cycle than in the descending phase particularly in the 
high latitude zones. Based on these findings, M and Mme D’Azambuja 
have advanced the view that all prominences originate in the sunspot zones 
and migrate towards higher latitudes, thus indicating the existence of a 
meridional circulation on the sun which is postulated by certain solar theories. 


While the meridional movement of high latitude prominences at the 
rate of about 1° per solar rotation is clearly brought out by the diagrams 
reproduced here, the statistical study of prominences fails to give direct 
evidence about the pole-ward migration of prominences in the low latitude 
zones. From an examination of Figs. 3 (a) and 3 (5) it will, however, be seen 
that the amplitude of variation of prominence activity in the five-degree inter- 
vals of the sunspot zones decreases with increasing latitude and is least at 
the outer boundaries of the zones. It will also be seen that in the high 
latitude zones the progress of prominence activity from 70° to the poles is 
more rapid than the progress from 45° to 70°. For a fuller discussion of 
the significance of these features reference may be made to Paper I. 


6. PROMINENCE ACTIVITY AND THE SOLAR CORONA 


In a series of papers Dr. Lockyer (1903, 1922, 1931) has shown that 
there is an intimate connection between the distribution of prominences 
round the solar limb and the forms of the corona. He has classified the 
different forms of the corona into three main types, viz., (i) “ polar” or 
maximum type; (ii) ‘ equatorial’ or minimum type; and (iii) the “‘ inter- 
mediate” type. In the ploar type, the coronal streamers are found all 
round the solar disc and the polar rifts are absent. It is usually known 
as the maximum sunspot type. In the equatorial type of corona the streamers 
are restricted to low solar latitudes and the polar rifts are conspicuous. This 
type which occurs at the time of minimum sunspot activity is also called 
the “ wind-vane” or “ fish-tail” form of corona. As its name suggests, 
the intermediate corona forms a transition between the polar and the equa- 
torial types. In it the streamers occur at mid-solar latitudes and the rifts 
though present are less extensive and the equatorial extensions less pro- 
nounced as compared with the minimum type. 


From his study of the coronal drawings and photographs obtained 
during the total solar eclipses for the period 1870 to 1930, Dr. Lockyer found 


88 R. ANANTHAKRISHNAN 


that the polar type corona occurs only when prominence activity is pro- 
nounced at high latitudes in one or both the hemisphers of the sun. As we 
have already seen this occurs only at or near the epoch of sunspot maximum. 
The equatorial forms of the corona occur when the prominence activity is 
confined to the lowest latitudes which occurs near the epoch of minimum 
sunspot activity. Lockyer distinguishes between two types of intermediate 
coronal forms, “ intermediate up” and “ intermediate down ”’ corresponding 
to the waxing and waning phases of the sunspot cycle. 


An examination of the charts showing the distribution of prominences 
according to heliographic latitudes reproduced in Fig. | bears out the rather 
striking similarity between the prominence distribution round the solar limb 
and the coronal forms considered above. A question which naturally arises 
is, whether the coronal forms are to be correlated more directly with sunspot 
activity or with prominence activity. There is some difference of opinion 
on this point. Ludendorff (1928) and Mitchell (1929) have suggested that 
the coronal form is governed by sunspot action while Lockyer (1931) and 
Bergstrand (1930) incline to the view that there is more direct connection 
between prominence distribution on the sun and the forms of the corona. 
In this connection an observation of Evershed which has been quoted by 
Lockyer is of interest. In the Memoir on “ Results of Prominence Observa- 
tions ’’, Evershed examined the connection between the distribution of 
prominences with the types of corona and found that Lockyer’s theory 
generally agreed with observations except in the case of the corona of 1908 
January 3. As we see from Fig. 1, prominence activity in the southern 
hemisphere enveloped the pole during 1907 and 1908, but in the northern 
hemisphere the activity practically stopped beyond 65°. According to 
Lockyer’s theory the coronal streamers should be more pronounced over 
the south polar region than over the north. However, from the illustration 
of the corona given in McClean’s Report it appeared that streamers were 
developed almost all round the disc except at the south pole. Evershed 
remarked that “if Mr. McClean’s corona is correctly oriented, therefore, 
the distribution of streamers in the polar regions does not agree with the 
distribution of prominences at that time”. At a later date Evershed dis- 
covered that the north and south poles had been interchanged in the picture 
of the corona; the apparent contradiction with Lockyer’s theory, therefore, 
disappeared. 


Although various forms of solar activity closely follow the sunspot cycle 
the exact nature of the causal relationships between them are at present only 
very imperfectly known. Nevertheless, it would appear that the coronal forms 
are more directly related to the distribution of prominences than of sunspots. 
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7. SOLAR ACTIVITY DURING THE LATEST CYCLE 


‘ Judged by sunspot activity the latest solar cycle which attained a maxi- 
mum in 1947 is one of the most active. This cycle has also the unique dis- 
tinction of having been characterised by some of the biggest spot groups on 
record. But examination of Figs. 1, 2 and 3 reveals that prominence activity 
has been less pronounced during this cycle as compared with the two pre- 
vious ones in which spot activity reached the peak in 1937 and 1928. In this 
connection it is significant that Behr and Siedentoff (1952) and Kleczek 
(1953) found that solar flare activity has also been less during the latest cycle 
as compared with the previous one. The trend of geomagnetic activity 
during the maximum epochs of the last four solar cycles indicates that the 
latest cycle has been geomagnetically the least active (Ananthakrishnan, 1953). 
In fact a preliminary examination suggests that during the maximum phase 
of the sunspot cycle geomagnetic activity shows a better correlation with 
prominences than with sunspots. 
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SUMMARY 


The paper illustrates with a series of diagrams the variation of promi- 
hence activity during the period 1905 to 1952 based on the prominence . 
statistics collected at the Kodaikanal Observatory. The main features of 
prominence activity brought out by these diagrams are briefly discussed. 
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In earlier parts of this series! the reaction had been studied in glacial acetic 
acid solution and a good homogeneous reaction had generally been obtained 
using hydrogen bromide as the catalyst. Venkatraman® had reported that 
iodine halides catalyse the reaction. The previous part contained a report 
of our observations in carbon tetrachloride which showed a pronounced 
heterogeneous reaction and it was considered worth while studying the 
influence of iodine halides and pyridine. 
EXPERIMENTAL 

The experimental technique adopted was the same as in the previous 
parts, solvents and reagents being purified by the same process. Lodine 
chloride and iodine bromide were B.D.H. products fractionated after drying 
while A.R. Pyridine was dried over sticks of KOH and distilled before use 
(bp. 115° C./760 mm.). 

Typical runs are presented in Tables I and I and Figs. 1 and 2. 


, 


Dimethyl Acrylic Acid Temperature - 35°? Cc 


= IBr. Concentration in Moles per cent. 
5 1 - 20°39 
2 - 877 

20 3 - 4°04 

10 

Time in Minutes 
l i 
Téa 60 160 240 320 ( 
3 160 320 480 640 300 


Fic. 1 
* Based on thesis of I.M.M. approved for the M.Sc. degree of Madras University. 
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M/20_ Trans-Crotonic Acid 


IBr. Concentration in Moles per cent. 


20 1 - 40°04 
2 - 4°02 
3 - 2°04 
10 
Time in Minutes 
1000 2000 3000 
Fic. 2 


Catalysed Reaction between Bromine and Dimethyl Acrylic 


| | 
| | Catalyst | 
Catalyst Bromine 
imoles % 
IBr | 5-712 Time | 0 4:88 8-28 10-78 14-00 21422 37-6 
Titre | 11:15 9-80 8-60 8-00 7:00 5-90 455 
% Reaction 0 12-85 24-29 30-00 39-72 50-00 85 
3-087 Time | 0 1-97 3-82 7-45 11-42 18-07 28.20 
Titre {10-5 9-50 9-00 7:90 7:00 5-80 5:10 
Reaction; 0 612 11-23 21-43 31-63 43-88 51-02 
1-528 Time 0 2:58 4:45 9-98 13-92 22-00 37-98 
Titre 10-5 9-70 7-70 470 
'%Reaction| 0 9-60 23-74 32-83 40-41 54-63 
Icl | 3-068 Time 0 1:97 72:25 79-50 88-67 95-97 126-9 
Titre 10-00 9-90 9-10 8-15 6-85 6-10 4-72 
Reaction 0 1-03 20-10 32-44 40-21 53-60 
1-511 | Time | 0 22-55 47-10 59-35 74-58 104-5 
| Titre | 10-00 9-70 8-90 7-40 6-15 4-80 
‘@Reaction| 0 3-06 11-17 26-40 39-09 52-79 
IBr | 3-992 Time | 0 2-07 5-33 9-52 11-50 16-25 
Titre | 9-60 9-20 8-50 7-40 6-60 5-80 
qReaction, 0 4+26 11-70 23-42 31-92 40-42 
0-9982 Time | 0 2-20 4-87 8-88 11-88 14-50 
Titre | 9-50 9-50 8-30 8-35 7-40 6-70 
%Keaction 0 2-13 5-31 12-21 22-35 29-80 
Pyridine | 2-002 Time | 0 1-72 6-43 13-52 17-13 
Titre 9-60 9-40 8-60 7-20 6-60 
%Reaction| 0 2-08 10-42 25-00 31-25 


IC! at 


IBra 
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TaBLE Il. Catalysed Reaction between Trans Crotonic Acid and Bromine 
| 


Catalyst 
Catalyst and Concentration of reactants: M/10 
Temp. °C moles % 
[Br at 30° 9-874 | Time | 0 14-08 22-42 46-83 92-55 170 371 
| Titre 10:10 9:40 9-10 8-00 6-99 5-70 4-40 
| @Reaction 0 7-64 10-91 22-95 34-97 48-80 62-30 
5-014 |‘ Time. 0 25-27 54:35 130 202 313 438 
‘Titre 9-50 9-10 8-60 7-45 6-60 5-60 5-00 
| % Reaction 0 4-44 10-00 22-78 33-01 43-34 50-00 
IC] at 30° 10-84 Time | © 209 1000 1580 1670 1769 1853 
Titre | 9-50 9-20 8-90 8-20 7-50 6-81 6-10 
| Reaction, 0 14+45 24-09 31-93 40-97 
5-142 | Time | 0 80-83 483 58% 693 1000 1236 
Titre 6-90 4-55 
| GReaction, 0 18-28 26-86 34-29 44-28 53-71 
[Br at 35° 4-827, Time | 0 1-07 12-77151-5 1214 2594 
‘Titre 1015-10-10 9-90 9-05 8-00 7-05 
| %Reaction 0 11-34 22-16 32-47 
1.922 | Time | 0 9-28 50-60 553 1223 4085 
| Titre | 9:95 9-90 9-55 9-10 815 7-05 
Reaction) 0 4108-72 18-46 29-75 
0-9506| Time | 0 10-45 52-0 626 2760 40-94 
‘Titre 9:95 9-90 9-60 8-80 7-45 7-00 
Reaction’ 0 0-51 3-05 11-68 25-39 29-95 
| 


DISCUSSION OF RESULTS 


In any catalysed reaction, the function of the catalyst is essentially to 
alter the activation energy of the reaction. This may be brought about by 
changes in the activation of either or both reactants. The first observable 
effect is the elimination of the induction period which is noticed in the present 
observations with all the catalysts studied (see Figs. 1 and 2). The 
behaviour of iodine chloride appears to be quite complex and after a_ 
fuller investigation will be communicated later. The insolubility of pyridine 
perbromide precluded a study of higher concentrations than the one reported. 
The trend, however, seems to be analogous to that of iodine bromide. 


For a homogeneous reaction in which both reactants are activated by 
the catalyst, it has been shown earlier, that the rate equation can be repre- 
sented by 

dx 


=k,’ 
[A] [Bre] 
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It has also been noticed that at higher temperatures, the rate equation reduces fo 
to a simple bimolecular one in acetic acid solutions. In the nonpolar solvent se 
used in the present work, no constancy in the rate constant could be found 
as may be seen from the Fics. 3 and 4 showing the drift of the “ bimolecular str 
din 
is | 
Dimethyl Acrylic Acid of 
act 
1. Concentration M/40 5 4Reaction (3511 C) atc 
2. Concentration M/40 10%Reaction (85'1 C7 
3 3. Concentration M/15 5%Reaction (30 C) = 
A 4. Concentration M/15 10%Reactian (30 C) , 
is 
tic 
3 ck 
cu 
is 
a 
si 
Trans-Crotonic Acid g 
1 
2 


Concentration M/20 5%Reaction 
Concentration M/10 10%Reaction | 
Concentration M/10 5%Reaction 


Moles Per cent lodine Bromide 


20 
100.Ko 
Fic. 4 


rate constants’ with the extent of reaction. The addition of the catalyst 
is not adequate for changing over to homogeneous conditions. This is well 


. 
| 
i 4 
10 30 4°0 
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‘rought out by a comparison of the time required for a given fraction of the 
reaction with reference to the catalyst concentration. 


The catalysed reaction also brings out the pronounced influence of 
structure. Temperature does not seem to have any appreciable effect with 
dimethyl acrylic acid while it is quite noticeable with crotonic acid. This 
is in keeping with the observations in acetic acid solutions that the influence 
of catalysts on the dimethyl acrylic acid is small on account of the prior 
activation of the double bond by the two methyl groups on the same carbon 
atom. 


One aspect of the catalysed reaction which has to be explained and 
which requires further study is the fact that initially the catalysed reaction 
is faster than the one with increased surface for the same initial concentra- 
tion but the later stages are definitely slower. This is noticeable primarily 
with trans crotonic acid. Two possible causes of such slowing down are 
changes in frequency factor which is related to the shape of the olefine mole- 
cule and retardation by products of the reaction in a non-polar solvent. This 
is still under investigation. 


SUMMARY 
Iodine bromide and chloride as well as pyridine have been used as 


catalysts for the reaction between bromine and crotonic and dimethyl acrylic 
acids. The reaction is quite complex and does not seem to conform to any 
simple rate equation. Even with the addition of the catalyst, the hetero- 
geneous part of the reaction does not seem to be eliminated. 
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1. INTRODUCTION 


On the Lemaitre-Vallarta theory of the allowed cone (Montgomery, 1949) 
an asymmetry between the north and south unidirectional intensities is to 
be expected (Lemaitre and Vallarta, 1933; Lemaitre, Vallarta and Bouckaert, 
1935). For positive particles the cone at the equator opens from the west 
and is symmetrical with respect to the east-west plane. As the latitude 
increases, the eastern boundary of the cone of a given energy moves towards 
the east and markedly shifts towards the south. As a result, in the northern 
hemisphere there is greater intensity from the south than from the north. 
For negative particles the cones are the mirror images, with respect to the 
meridian plane, of those for the positive particles. Therefore the southern 
effect will be the same for positive as for negative particles while the east- 
west effect will be reversed. Hence the north-south asymmetry depends on 
the sum of the positive and negative intensities while the east-west asymmetry 
depends on their difference (Lemaitre, Vallarta and Bouckaert, /oc. cit.). 
In the southern hemisphere, the cones would be the mirror images, with 
respect to the east-west plane of those in the northern hemisphere and the 
southern excess observed in the northern hemisphere should be replaced by 
a northern excess, irrespeciive of the particles’ sign. The north-south asym- 
metry depends for each latitude on a narrow band of energy. Irrespective 
of the particles’ sign the energy region explored by this asymmetry varies 
considerably with latitude. Also the effect of the earth’s shadow results 
in a large north-south asymmetry at high zenith angles for intermediate 
latitudes. For low latitudes, the asymmetry near the horizon should there- 
fore be reduced (Lemaitre and Vallarta, 1936). 


Johnson performed his experiments at Mexico (A= 29°N.) to study 
the north-south asymmetry at altitudes of 14,000 feet and 7,500 feet. A 
definite southern excess was found at most of the zenith angles at both sta- 
tions. In his experiments the asymmetry reaches a minimum of 1-2 per 
cent. with a greater probable error at about 45° zenith angle at Nevado de 
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Toluca (alt. 14,000 feet). At 11,000 feet no asymmetry was observed at 
45° zenith angle, while at Copilco (alt. 7,500 feet) the asymmetry at 32° 
zenith angle was nil. In fact the theory predicts a reversal of sign of asym- 
metry for zenith angles between 45° and 55° which depends upon the exist- 
ence of a narrow energy band. A northern excess (2-9 per cent.) at Asmara, 
A=11-5°N. and altitude 2,370 m. at a zenith angle of 45° slightly larger 
than the rather large experimental error was reported by Rossi (1934). The 
experiments of Vallarta, Perusquia and De Oyarzabal (1947) at A= 29°N, 
h=2,240 m. in connection with the studies of complete azimuthal effect 
show about 2 per cent. asymmetry at zenith angles 20° and 40° while at 
60° the asymmetry disappears. Gill’s (1945) experiments at Lahore 
(A=22°N.) performed with a lead block filter for the azimuthal studies 
give an asymmetry slightly more than 7 per cent. at a zenith angle of 60°. 
The azimuthal study of Bhowmik and Bajwa (1952) with a lead block of 
10cm. thickness at Delhi, A= 19° N. yields more than 5 per cent. asymmetry 
at a zenith angle of 40°. Clay (1935) found a north excess at 10° and 20° 
zenith angles in Bandoeng (A= 18°S.). He reported about 4 per cent. asym- 
metry at 20° zenith angle. D. W. P. Burbury (1952) has got a value of 
00056 + -0013 the excess being in the north for zenith angle 30° at sea 
level under 12 cm. of lead at a high geomagnetic latitude of 51-7° S. (Hobart, 
Tasmania). Bouckaert (1934) calculated north-south asymmetry for geo- 
magnetic latitudes of 10° and 20° and moderate zenith angles. 


A knowledge of both north-south and east-west asymmetries gives 
information on the ratio of positive to negative primaries (Vallarta, 1948; 
Janossy, 1950) in a given energy range (Vallarta, 1939). Also the penumbra 
hardly plays a part in the north-south effect unlike in the east-west effect. 
Experiments on the north-south asymmetry furnish the most direct approach 
to the study of energy spectrum. A complete and systematic experimental 
study of the north-south asymmetry was not reported except by Johnson 
(loc. cit.) whose investigations correspond to an intermediate latitude 
(A=29°N.). The present work is undertaken at Hyderabad, India; 
A=7-7°N., the height above mean sea level being 1,800 feet. 


2. EXPERIMENT 


The cosmic ray telescope (Murty, 1953) used subtends an angle of 7° 2’ 
in the zenith and about 67-5° in the lateral plane, the distance of separation 
between the two extreme counters being 57cm. The counters are 38 cm. 
long and 3-5 cm. in diameter. Observations were taken at several zenith 
angles. The telescope was oriented at a particular zenith angle in the 
northern azimuth and the counts were recorded. It was then rotated and 
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oriented at the same zenith angle in the south and the counts recorded. This 
process was repeated a number of times and the total number of counts from 
the north and south were obtained. The time of exposure of the telescope 
at each zenith angle each time is 15 minutes. The observations have been 
taken over a period of eight months. Readings were taken with 10° interval 
in all the cases except between 40° and 45° where the observational points 
are closely chosen in order to compare with Rossi’s result at Asmara 
A=11-5°N. for ?=45°. Probable errors were calculated from the total 
number of counts (o¢) and also computed from the residuals (o;,). 


No correction is made for the accidentals as the horizontal rate is about 
3 per cent. of the vertical rate (Johnson, 1935). The asymmetry is given 


TABLE |. North-South Asymmetry of Cosmic Rays 
(Hyderabad, India; \ = 7-7° N,. and altitude 1,800 ft.) 


| Probable errors from Asymmetry = 200 *—" 
Countin 
Zenith Time in Total 
Angle minutes counts 
6 By cS be Total | Residual Experimental Theoretical 
T ——— value at value at 
| N= 7-79 A=10° 
| | | 
N 4590 | 12347 2-690 016 -017 
10° | | | 1-109 + +865 
S 4590 | 12487 | 2-720 016 | -016 
N - 3930 | 9254 | 2-355 -017 | -018 
20° | 2-433 + +523 1-875 
Ss 3930 | 9483 | 2-413 -O17 | 019 
N 3930 | 7951 | 2-023 015 -016 
30° | | 3+258 + -645 2-783 
Ss 3930 | 8216 | 2-090 -016 | -016 
| 
N 4620 | 8058 1-746 | -013 | 014 
40° 2-768 + +452 3-033 
Ss | 4620 | 8292 | 1-795 013 014 
N 5790 | 8918 | 1-549 | -Ol1 -012 
45° —1-+439+ -452 3-303 
5790 | 8790 | 1-518 011 
N | 6150 | 6331 | 1-029 009 009 
55° | —0-+683 + +435 3+356 
Ss 6150 | 6283 | 1-022 009 010 
| 
| | 
N | 6150 | 4679 | 0-7607 007 008 
65° 2-544 + -645 3-956 
Ss 6150 | 4800 | 0-7803 -008 009 
| 
N 6000 3232 | 0-5387 006 007 
15° 4+286 + -556 5-490 
S | 6000 | 3375 | 0+5623 007 008 
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as the ratio of the difference of intensities at the same zenith angle to their 
mean value, a= 2 (I; — In)/(Is + In) where I; and In are the counting rates 
from south and north respectively. 

The results are given in Table [ and plotted in Fig. 1. The theoretical 
north-south asymmetry values for geomagnetic latitude 10° are also given in 
Table I and plotted in Fig. 1. The asymmetry value obtained by Rossi for 
@= 45° at Asmara can also be seen in the figure. 


% Asymmetry 


0° 15° 30° 45° 60° 75 
Zenith Angle 


Fic. 1. North-South Asymmetry of Cosmic Rays 


Experimental Curve at Hyderabad \=7-7°N 
Theoretical Curve for \=10° 
@ Rossi’s Observation Point at Asmara \=11-5°N 
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3. RESULTS AND DISCUSSION 


The results clearly show the southern excess of intensities at most of 
the zenith angles. The theory predicts a slight reversal of the sign of asym- 
metry for zenith angles between 45° and 55° which depends upon the existence 
of a narrow band of energy. This reversal begins at latitudes around 20° 
for zenith angles 70° and eventually broadens out so as to include the 
whole region between the zenith and 40° at latitudes around 35°. In the 
present case, at such a low geomagnetic latitude as 7-7° N., the reversal 
occurs at 45° and 55°. A negative asymmetry (2-9 per cent.) definitely 
greater than the rather large experimental error was already reported by 
Rossi (/oc. cit.) at a geomagnetic latitude of 11-5° N. Even Johnson’s experi- 
ments showed no asymmetry at 45° zenith angle at Mexico A=29°N., 
h= 11,000 feet, and a low asymmetry less than the probable error at the 
same zenith angle at 14,000 feet. His experiments at Copilco (A= 29°, 
h = 7,500 feet) yielded no asymmetry for a zenith angle of 32°. The reversal 
in the present case may be due to secondary effects due to absorption in the 
atmosphere or due to a narrow band of energies. The low value of the 
asymmetry at zenith angles near the horizon is quite in agreement with 
theoretical prediction based on the consideration of the shadow effect of 
the earth. The asymmetry near the zenith is explained by the theory of 
complicated orbits as developed by Lemaitre and Vallarta (/oc. cit.). The 
agreement between the experimental curve and the theoretical curve for 10° 
is satisfactory except for the reversal at 45° and 55°. There is a striking 
- similarity between this experimental curve and that got by Johnson’s 
results at Mexico (14,000 feet). The differences in the values of asymmetry 
are due to differences in latitude and altitude. 


The author offers his grateful thanks to Professor S. Bhagavantam for 
his helpful guidance and constant encouragement in the progress of the 
present work. 

4. SUMMARY 


The north-south asymmetry of cosmic rays is experimentally studied 
at Hyderabad, India; A=7-7°N. and altitude 1,800 feet above mean sea 
level. A triple coincidence counter telescope with a resolution of 7°2’ in 
the zenith and 67°22’ in the lateral plane is employed. Observations are 
taken at several zenith angles. The results show the southern excess of 
intensities at most of the zenith angles. There is a reversal of the sign of 
asymmetry at zenith angles 45° and 55°, which is reported for the first time 
at such a low latitude of 7-7°N. The values of asymmetry near the zenith 
and the horizon are in general agreement with the theory. 
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ALPER AND PREEz! noted that Mn* is formed by the Fe4(n, p)Mn** reaction 
but Frierson and Jones* reported its absence in irradiated iron. Michalowicz 
and Lederer® using chromatographic methods of separation also failed to 
observe any Mn*™ activity in irradiated iron. While our work was in progress 
Stafford and Stein‘ published their results supporting the observations of 
Alper and Preez. The present investigations confirm the formation of Mn*! 
as a result of (n, p) reaction in Fe. 


Various workers®* have observed that the products of (n, p) reac- 
tions often exist in different oxidation states. It was therefore decided to 
study the different oxidation states of Mn** produced from Fe*. 


Ferric oxide prepared from carefully purified E. Merck’s G.R. quality 
ferric chloride, was irradiated with fast neutrons at Atomic Energy Research 
Establishment, Harwell. Spectroscopic analysis of Fe,0,; showed that it 
was of a high degree of purity and that cobalt was completely absent. 


To extract any manganese activity in the form of manganous ions, about 
0-5 g. of irradiated ferric oxide was treated with a solution of MnCl, at 
100°C. for 6 hours with intermittent stirring. Fe,O, was centrifuged out, 
the solution filtered through Whatman No. 42 and MnO, was precipitated 
in the filtrate with potassium bromate in 2N nitric acid solution. The 
precipitate was centrifuged, washed, dissolved in nitric acid and reprecipitated 
as above. The cycle of operation was repeated five times. For extracting 
MnO, ions, ferric oxide was treated with potassium permanganate solution 
at 100°C. for six hours and after removal of Fe,0,, MnO, was precipitated 
by adding concentrated hydrochloric acid. It was purified as in the previous 
case. In both cases iron and chromium solutions were added as holdback 
carriers. 


For determination of the total manganese activity 0-5 g. of ferric oxide 
was dissolved in hydrochloric acid, manganese and chromium were added 
as carriers, the solution made to 6N in hydrochloric acid and iron was 
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extracted with ether. In the aqueous phase manganese was precipitated 
and purified as described above. The decay curve of the separated fraction 
shown in Fig. | showed that the 320-day activity of Mn*! was quite pure.’® 


S 
DAYS 
t= 7 DAYS 
1 
150 200 250 300 
DAYS 
Fic. 1, Decay Curve of Manganese Fraction 


To further confirm the formation of Mn**, some of this active MnO, was 
dissolved in hydrochloric acid, some Co® and Fe®® added and a drop of the 
resulting mixture chromatographed according to the methods described by 
Michalowicz and Lederer* and Burstall et a/.11 Unequivocal proof of the 
presence of Mn** was obtained by this method. 


Isotopic exchange of MnO, with MnCl, and KMnO, solutions was 
studied by Polissar!* at ordinary temperatures and by the authors at 100°C. 
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No exchange whatsoever was observed. In the extraction of manganese 
activity with MnCl, and KMnQ,, weighed amount of irradiated ferric oxide 
was treated with successive amounts of the respective solutions till the extract 
showed no activity. Several determinations gave the following mean results: 


Extraction with KMnO, at pH 9 a 274 + 30cpm. 
Extraction with MnCl, at pH 5 a 327 + 30cpm. 
Total Manganese... 13,350 + 100 cpm. 


Whereas all Mn** was completely extracted out with MnCl, is about 
3 extractions, MnO, required about 6 extractions with KMnQ,. In the case 
of potassium permanganate, it was noticed that the separable activity at 
pH 2-5 was greater than that at pH 12. 


DISCUSSION 


The results obtained in the present investigations leaves no doubt that 
Mn* is formed as a result of the (n, p) reaction in Fe* thus confirming the 
recent observations of Stafford and Stein.‘ Further it is found that some 
manganese is present in manganous and permanganate states but principally 
it is present as manganese dioxide. 


In the (#, p) reaction the nuclear charge is reduced by one unit and 
hence iron in the trivalent state in such a reaction, one would essentially 
obtain manganese in bivalent state if no additional ionization occurs in an 
atom undergoing such a transformation. The formation of higher oxidation 
states as obtained in our experiments can be due to several complex and 
competing factors which are hardly understood for the present as pointed 
out by Burgus and Kennedy.'* Some of them are as follows :— 


(1) Passage of proton through the electronic shells. 


(2) Production of daughter atom in an excited state which decays by 
y-emission which may in turn be internally converted. 


(3) Dissipation of recoil energy imparted to daughter nuclei (of the 
order of 100 KeV in this case). 


(4) Secondary reactions of the recoil fragments with neighbouring 
molecules. 


Michalowicz and Lederer® did not find manganese in irradiated iron 
perhaps because the amount of manganese in the solution chromatographed 
was very small. Since in ‘he present work Mn was concentrated in the 
MnO, fraction used for chromatography, a clear zone of manganese was 
obtained. 
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SUMMARY 


Formation of Mn™ by (n, p) reaction in Fe! has been confirmed. It 
has been found that Mn* thus formed occurs in the several oxidation states. 
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